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® Process for producing an ethylenic polymer composition. 
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@ There is disclosed a process for producing an ethylenic polymer composition having a density of 0.94 to 
0.97 g/cm^ and an intrinsic viscosity M of 1 .5 to 6 dl/g which comprises the multistage polymerization steps of 
polymerizing ethlene or copolymerizing ethylene and other olefinic comonomer to form 30 to 70 wt% of (1) an 
ethylenic polymer having a density of 0.940 g/cm^ or higher and an intrinsic viscosity M of 0.5 to 1.5 dl/g by the 
use of a catalyst comprising, as principal components, a transition metal compound, a compound capable of 
reacting with a transition metal compound to form an ionic complex and an organoaluminum compound; and 
coF)Olymerizing ethylene and other olefinic comonomer to form 70 to 30 wt% of (2) an ethylenic polymer having 
a density not higher than that of the ethylenic polymer (1) and an intrinsic viscosity M higher than that of the 
ethylenic polymer (1) by the use of the same catalyst. The obtained composition is excellent in ESCR, 
minimized in low melting component causing gum or burned spot and excellent in the appearance when made 
into a molding. 
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The present invention relates to a process for producing an ethylenic polymer composition. More 
particularty. it pertains to a process for efficiently producing, by two-stage polymerization step, an ethylenic 
polymer composition which has a high enviromental stress cracking resistance (ESCR), is minimized in a 
low melting component causing gum or bumed spots at the time of molding and Is excellent in the 

5 appearance when made into a molding. 

As a process for producing an ethylenic polymer, there has heretofore been known the use of the 
Ziegler catalyst for olefmlc monomer polymerization. However, the Ziegler catalyst for olefinic monomer 
polymerization has involved the problem that the use thereof results in the production of a p}olymer having 
not sufficiently narrow distribution of the molecular weight and composition, thereby increasing the 

10 formation of low melting components causing gum or burned spots with decreasing density, though the 
workability of the polymer is not a particular problem. Another problem with the Ziegler catalyst lies in the 
difficulty in drastically increasing the ESCR without altering the density of the resultant polymer. 

In recent years, attention has been paid to a new Ziegler series catalyst for olefinic monomer 
polymerization which comprises as principal components a transition metal compound, a compound 

75 capable of reacting with a transition metal compound to form an ionic complex and an organoaluminum 
compound. The new Ziegler series catalyst is advantageous in that it can produce an olefinic polymer 
having a narrow composition-distribution and is minimized in low melting components containing a number 
of branches, whereby all of the introduced branches function effectively for the enhancement of the ESCR 
of the polymer, and consequently the ESCR can t>e enhanced without altering the density of the polymer to 

20 be produced. Nevertheless the catalyst is disadvantageous In that the narrow distribution of molecular 
. weight deteriorates the workability of the polymer thereby, the melt characteristics of the polymer need to 
be improved depending uF>on the purpose of use and besides, a molding from the polymer Is liable to 
surface roughness or melt fracture with increasing molding rate. 

Therefore, object of the present invention is to provide a process for efficiently producing an ethylenic 

25 polymer which can preserve the characteristics such as favorable workability and ESCR, minimize the 
production of low melting components causing gum or burned spots at the time of molding and be made 
into a molding with excellent appearance. 

This object can be attained according to the present invention by the adoption of a specific two-stage 
polymerization step using a catalyst comprising, as principal components, a transition metal compound, a 

30 compound capable of reacting with a transition metal compound to form an ionic complex and an 
organoaluminum compound. 

Thus,the present invention provides a process for producing an ethylenic polymer composition having a 
density of 0.94 to 0.97 g/cm^ and an intrinsic viscosity [17] of 1 .5 to 6 dt/g which comprises the multistage 
polymerization steps of polymerizing ethylene or copolymerizing ethylene and at least one olefinic 

35 comonomer other than ethylene to form (1) an ethylenic polymer having a density of 0.940 g/cm^ or higher 
and an intrinsic viscosity M of 0,5 to 1 .5 dl/g by the use of a catalyst comprising as principal components 
(A) a transition metal compound. (B) a compound capable of reacting with a transition metal compound to 
form an ionic complex and (C) an organoaluminum compound as polymerization step (a): and copolymeriz- 
ing ethylene and at least one olefinic comonomer other than ethylene to form (2) an ethylenic polymer 

40 having a density not higher than that of the ethylenic polymer (1) and an intrinsic viscosity [i?]higher than 
that of the ethylenic polymer (1) by the use of said catalyst as polymerization step (b), the proportion by 
weight of the ethylenic polymer (1 ) to the ethylenic polymer (2) in the ethylenic polymer composition being 
30 to 70 : 70 to 30. 

There Is used in the process of the present invention a catalyst comprising, as principal components. 
45 (A) a transition metal compound. (B) a compound capable of reacting with a transition metal compound to 
form an ionic omplex and (0) an organoaluminum compound. 

As the transition metal compound of the component (A), there are usable the transition metal 
compounds each having a transition metal belonging to the group IVB. VB, VIB. VIIB or VIII of the Periodic 
Table, which is exemplified desirably by titanium, zirconium, hafnium, chromium, manganese, nickel, 
so palladium and platinum and particularly desirably by zirconium, hafnium, titanium, nickel and palladium. 

A variety of such transition metal compounds are available, among which are favorably usable the 
compound having a transiton metal belonging to the group IVB or VIII of the Periodic Table, especially a 
transition metal selected from those belonging to the group IVB thereof, that is, titanium, zirconium and 
hafnium. In particular, the preferable transition metal compounds are those represented by the general 
65 formula (I). (11), (III) or (IV) and derivatives thereof. 

CpMR^aR^bR^c (I) 
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CpsMR'aR^b (II) 

(Cp-Ae-Cp)MR'aR2b (III) 

5 MR^R2bR^dR*d (IV) 

wherein M is a transition metal belonging to the group IVB of the Periodic Table such as a Ti atom, Zr atom 
or Hf atom; Cp is an unsaturated cyclic hydrocarbon radical or an unsaturated chain hydrocarbon radical 
such as cyclopentadienyl group, substituted cyctopentadienyl group, tndenyl group, substituted indenyl 

10 group, tetrahydroindenyl group, substituted tetrahydroindenyl group, fluorenyl group or substituted fluorenyl 
group; H\ R^. R^ and R*. independently of one another, are each a llgand such as a a-bonding ligand. a 
chelating llgand and a Lewis base, specifically exemplified as a o-bonding ligand by a hydrogen atom, an 
oxygen atom, a halogen atom, an alkyi group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 
carbon atoms, an aryl group, an alkylaryl group, an arylalkyi group each having 6 to 20 carbon atoms, an 

75 acyloxy group having 1 to 20 carbon atoms, an allyl group, a substituted ally! group and a substituent 
containing a silicon atom and. as a chelating ligand, by an acetylacetonato group and a substituted 
acetylacetonato group; A is crosslinkage by covalent bond; a. b, c and d. indep)endently of one another, are 
each an integer from 0 to 4; e Is an integer from 0 to 6; at least two out of H\ R^. R^ and R^ may together 
form a ring; and when Cp has a substituent. the substituent is preferably an alkyI group having 1 to 20 

20 carbon atoms. 

Examples of the substituted cyclopentadienyl group in the above-mentioned formulae (I) to (III) include 
methylcyclopentadienyl group; ethylcyclopentadienyl group; isopropylcyclopentadienyl group; 1,2-dimethyl- 
cyclopentadienyi group; tetramethylcyclopentadienyl group; 1 ,3-dimethylcyclopentadienyl group; 1.2.3- 
trimethylcyclopentadienyl group; 1 ,2,4-trimethylcyclopentadienyl group; pentamethylcyclopentadienyl group 

25 and trimethylsilylcyclopentadienyl group. Specific examples of R\ R^; R^ and R^ in the aforesaid formulae 
(I) to (IV) include F, CI. Br and I as halogen atom; methyl, ethyl, n-propyl. isopropyl, n-butyi, octyl and 2- 
ethylhexyl group as alkyI group having 1 to 20 carbon atoms; methoxy. ethoxy, propoxy, butoxy and 
phenoxy group as alkoxy group having 1 to 20 carbon atoms; phenyl, tolyl, xylyl and benzyl group as aryl, 
alkylaryl or arylalkyi group each having 6 to 20 cartwn atoms; heptadecylcarbonyloxy group as acyloxy 

30 group having 1 to 20 carbon atoms; trimethylsilyl and (trimethylsilyl)methyl group as substituent containing 
silicon atom; as Lewis base, ethers such as dimethyl ether, diethyl ether and tetrahydrofuran; thioethers 
such as tetrahydrothiophene; esters such as ethyl benzoate; nitriles such as acetonitrile and benzonitrile; 
amines such as trimethytamine. triethylamine, tributylamine, N,N-dimethylanlline. pyridine. 2.2'-bipyridine 
and phenanthroline; phosphine such as triethylphosphine and triphenylphosphine; unsaturated chain hy- 

35 drocarbon such as ethylene, butadien. 1-pentene, isoprene. pentadiene. 1*hexene and derivatives thereof; 
unsaturated cyclic hydrocarbon such as benzene, toluene, xylene, cycloheptatriene, cyclooctadiene, 
cyclooctatriene, cyclooctatetraene and derivatives thereof. Examples of A, that is, crosslinkage by covalent 
bond in the above formula ill include methylene, dimethylmethylene, ethylene, 1,1*-cyclohexylene. dimethyl- 
silylene. dimethylgermylene and dimethylstannylene crosslinkage. 

40 Specific examples of the compound represented by the general formula (I) include 
pentamethylcyciopentadienyltrimethyltitanium, 
pentamethylcyclopentadienyltriphenyltitanium, 

pentamethylcyclopentadienyttribenzyltitanium. ■ • ' 

pentamethylcyclopentadienyltrichlorotltanium. 
45 pentamethylcyclopentadienyltrimethoxytitanium, 

cyclopentadienyltrimethyltitanium, 

cyclop)entadienyltriphenyltitanium, 

cyclopentadienyttribenzyltitanium, 

cyclopentadienyltrichlorotitanium. 
50 cyclopentadienyltrimethoxytitanium, 

cyclopentadienyldimethylmethoxytitanium. 

methylcyclopentadienyltrimethyltitanium, 

methylcyclopentadienyltriphenyltitanium 

methylcyclopentadienyltribenzyltitanium, 
55 methylcyclopentadienyltrichlorotitanium, 

methylcyclopentadienyldimethylmethoxy titanium, 

dimethylcyclopentadienyltrichlorotitanium. 

trimethylcyclopentadienyltrichlorotitanium, 
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trimethylcyclopentadienyltrimethyltitanium and 

tetramethylcyclopentadienyitrichlorotttanium. 

Specific examples of the compound represented by the general formula (II) Include 

bis(cyclopentadienyl)dimethyltitanium; 
5 bis(cyctopentadlenyl)diphenyltitanium; 

bis(cyclopentadi8nyl)diethyltitanium; 

bis(cyclopentadienyl)dibenzyltitanium; 

bis(cyclopentadienyl)dimethoxytitanium; 

bis(cyclopentadienyl)dichlorotitanium; 
10 bis(cyclopentadienyl)dihydrotitanium; 

bis(cyclopentadienyl)monochlorohydridotitanium; 

bls(methyicyclopentadienyl)dimethyltitanium; 

bls(methylcyctopentadienyl)dichlorotitanlum: 

bis(methylcyclopentadlenyl)dibenzyltitanium; 
75 bis(pentamethylcyclopentadienyl)dimethy (titanium; 

bis(pentamethylcyclopentadienyI)dichlorotitanlum; 

bis(pentamethylcyclopentadienyl)dibenzyltitanium; 

bts(pentamethylcyctopentadienyl)chloromethyltitanium; 

bis(pentamethylcyclopentadienyt)hydrtdomethyltltanium; 
20 (cyclopentadienyl)(pentamethylcyclopentadienyl)dichlorotltanium; and any of the above-mentioned com- 
pounds in which titanium atom is replaced with a zirconium or a hafnium atom. 

Specific examples of the compound represented by the fonnula (III) include ethylenebis(indenyl)- 

dimethyltitanium; 

ethylenebis(indenyl)dichlorotitanium; 
25 ethylenebis(tetrahydrolndenyl)dimethyititantum; 
ethylenebis(tetrahydrotndenyl)dichlorotttanium; 
dimethylsilylenebis(cyclop>entadienyl)dimethyltitanium; 
dimethylsilylenebis(cyclopentadienyl)dichlorotitanium: 

isopropylidene(cyclopentadienyl)(9-fluorenyl) dimethyltitanium; lsopropylidene(cyclopentadienyl)(9- 
30 fluorenyl)dichlorotitanium; 

[phenyl(methyl)methylene](9-fluorenyl)(cyclopentadienyl) dimethyltitanium; 

diphenylmethylene(cyclopentadienyl)(9-fiuorenyl) dimethyltitanium; 

ethylene(9-fluorenyI)(cyclopentadienyl)dimethyltitanium: 

cyclohexalidene(9-fluorenyl)(cyclopentadienyl) dimethyltitanium; 
35 cyclopentylidene(9-fluorenyl)(cyclopentadienyl) dimethyltitanium; 

cyclobutylidene(9-fIuorenyl)(cyclopentadienyl) dimethyltitanium; 

dimethylsilylene(9-fluorenyl)(cyclopentadienyl) dimethyltitanium; 

dimethylsilylenebis(2,3,5-trimethylcyclopentadienyl) dichtorotitanium; 

dimethylsllylenebis(2,3.5-trimethylcyclopentadlenyl) dimethyltitanium; 
40 dimethylsilyienebis(indenyl)dlchlorotitanium; any of the above-mentioned compounds in which titanium atom 

is replaced with a zirconium or a hafnium atom. 

Specific examples of the compound represented by the formula (IV) include tetramethyltitanium, 

tetrabenzyltitanium. tetramethoxytitanium» tetraethoxytitanium. tetrabutoxytitanium, titanium tetrachloride, 

titanium tetrabromide, butoxytitanium trichloride, butoxytitanium dichloride. bis(2,5-di-tert-butylphenoxy)- 
45 dimethyltitanium. bis(2,5-di-tert-butylphenoxy)titanium dichloride, titanium bis(acetylacetonato) and any of 

the above-mentioned compound in which titanium atom is replaced with a zirconium or a hafnium atom. 
Favorably usable titanium compound as the component (A) among those represented by the general 

formula (III) is the titanium compound having a multidentate ligand in which two substituted or unsubsituted 

conjugated cyclopentadienyl groups (at least one being substituted cyclopentadlenyl group) are bonded to 
50 one another via an element selected from the group IVA of the Periodic Table. By the use of such a 

compound, an isotactic polyolefin having enhanced isotacticity. a high molecular weight and a high melting 

point is obtained. 

Examples of such compound Include the compound represented by the general formula (V) and 
derivatives thereof 
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U 



5"4-u 



T± 



X 



...(V) 



to wherein Y is a carbon atom, silicon atom, germanium atom or tin atom; R5t-C5H4-t and R^u-C5H4_u are 
each a substituted cyclopentadienyl group in which t and u are each an integer from 1 to 4; is a 
hydrogen atom, silyl group or hydrocarbon radical, and may be the same or different, provided that at least 
one cyclopentadienyl group has on at least one carbon atom adjacent to the carbon atom bonded to Y; 
R^ is a hydrogen atom, an alkyi group having 1 to 20 carbon atoms, an aryl group, an alkylaryl group or an 

75 arylalkyi group each having 6 to 20 carbon atoms, and may be the same or different; X is a hydrogen atom, 
a halogen atom, an alkyl group having 1 to 20 carbon atoms, an aryl group, an alkylaryl group or an 
arylalkyi group each having 6 to 20 carbon atoms or an alkoxyl group having 1 to 20 cart»on atoms and may 
t>e the same or different. 

Examples of the substituted cyclopentadienyl group in the above-mentioned formulae (V) include 
20 methylcyclopentadienyl group; ethylcyclopentadienyt group; isopropylcyclopentadienyl group; 1 .2-dimethyl- 
cyclopentadienyl group; 1 .3-dimethylcyclopentadienyl group; 1 ,2.3-trimethylcyclopentadienyl group; and 
1 ,2.4-trimethylcyclopentadienyl group. 

Specific examples of X include F, CI, Br and 1 as halogen atom; methyi.ethyl n-propyl, isopropyl, n- 
butyl, octyl and 2-ethylhexyl group as alkyl group having 1 to 20 carbon atoms; methoxy. ethoxy. propoxy, 
25 butoxy and phenoxy group as alkoxy group having 1 to 20 carbon atoms; phenyl, tolyl, xylyl and benzyl 
group as aryl. alkylaryl or arylalkyi group each having 6 to 20 carbon atoms. 

Specific Examples of R^ include methyl, ethyl, phenyl, tolyLxylyl and benzyl group. Examples of the 
compounds represented by the general formula (V) include dimethylsilyienebis(2.3,5-trimethylcyclopen- 
tadienyl)titanium dichloride and the compound in which titanium atom is replaced with a zirconium atom or 
30 a hafnium atom. 

As the component (B) of the catalyst in the present invention, there is employed a compound capable 
of reacting with a transition metal compound to form an ionic complex. The compound is not specifically 
limited insofar as it is capable of reacting with the (A) transition metal compound to form an ionic complex, 
but there is preferably used a compound especially a coordination compound comprising a cation and an 
35 anion in which a plurality of radicals are bonded to an element. 

The compound comprising a cation and an anion in which a plurality of radicals are bonded to an 
element is exemplified by the compound represented by the general formula (VI) or (Vll). 



([L^]"^-^ )p([M* 2} Z2~.Z"]<"- )q (VI I) 

wherein is M^, R^R^M^ or R^^aC or R^^M^; V Is a Lewis base; and are each an element selected 
from Groups VS. VIB, VIIB, VIII, IB, MB, IIIA, IVA and VA preferably IIIA, IVA and VA of the Periodic Table; 

45 and are each an element selected from Groups IIIB, IVB. VB. VIB. VIIB, VIII, lA. IB. IIA, MB and VIIA 
of the Periodic Table; 2} to 2" are each a hydrogen atom, a diatkylamino group, an alkoxy group having 1 
to 20 carbon atoms, an aryloxy group having 6 to 20 carbon atoms, an alkyl group having 1 to 20 carbon 
atoms, an aryl group, an alkylaryl group or an arylalkyi group each having 6 to 20 carbon atoms, a halogen- 
substituted hydrocarbon radical having 1 to 20 carbon atoms, an acyloxy group having 1 to 20 carbon 

so atoms, an organometallold group or a halogen atom and at least two of them may combine with each other 
to form a ring; R^ is a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, an aryl group, an 
alkylaryl group or an arylalkyi group each having 6 to 20 carbon atoms; R^ and R^ are each a 
cyclopentadienyl group, a substituted cyclopentadienyl group, an indenyl group or a fluorenyl group; R^° is 
an alkyl group having 1 to 20 carbon atoms, an aryl group, an alkylaryl group or an arylalkyi group; R^^ is a 

55 macrocyclic ligand such as tetraphenylporphyrin and phthalocyanlne; m is the valency of each of and 
M*. indicating an integer of 1 to 7; n is an integer of 2 to 8; k Is the Ion valency of each of lU-R'] and [L^J, 
indicating an integer of 1 to 7; p is an integer of 1 or more: and q (p x k)/(n - m). 



([L^ -R7]'^^)p([M3Z^Z2— Z"]<"-'">-)q (VI) 
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Specific examples of the Lewis base represented by include amines such as ammonia, methylamine, 
aniline, dimethylamine. diethyiamine. N-methylaniiine, diphenylamine. trimethylamine. triethylamine. tri-n- 
butylamine. N.N-dimethylaniline, methyldiphenylamine, pyridine, p-bromo-N,N*-dimethylaniline and p-nitro- 
N.N-dtmethylaniline; phosphines such as triethylphosphine. triphenylphosphine and diphenylphosphine; 
ethers such as dimethylether, diethyl ether, tetrahydrofuran and dioxane; thioethers such as diethyl thioether 
and tetrahydrothiophene; and esters such as ethyl benzoate. 

Specific exmamples of and M* Include B, Al, Si, P, As, Sb, etc. preferably B and P; those of 
include Li, Na. Ag, Cu, Br. I, etc; and those of include Mn, Fe, Co. Ni, Zn. etc. Specific examples of 
to Z" include dialkylamino group such as dimethyiamino and diethylamino. alkoxy group having 1 to 20 
carkx>n atoms such as methoxy, ethoxy and n-butoxy; aryloxy group having 6 to 20 carbon atoms such as 
phenoxy, 2.6-dimethylphenoxy and naphthyloxy; alkyi group having 1 to 20 carbon atoms such as methyl, 
ethyl, n-propyl. iso-propyl. n-butyl, n-octyl and 2-ethylhexyh aryl group, alkylaryl group or arylalkyi group 
each having 6 to 20 carbon atoms such as phenyl, p-tolyl. benzyl, pentafluorophenyl. 4-tert-butylphenyl. 
2,6-dimethylphenyl, 3,5-dimethylphenyl. 2,4-dimethylphenyl, and 2.3-dimethylphenyl; halogen-substituted 
hydrocarbon radical having 1 to 20 carbon atoms include p-fluorophenyl. 3,5-difluorophenyl, pentach- 
lorophenyl. 3,4,5-trifluorophenyl. pentafluorophenyl and 3.5-di(trifluoromethyl)phenyl; halogen atoms such as 
F. CI. Br and t and organometalloid group such as pentamethylantlmony group, trimethylsilyl group, 
trimethylgermyl group, diphenylarsine group, dicyclohexylanitlmony group and diphenyiboron group. Spe- 
cific examples of and are as previously enumerated. Specific examples of substitued cyclopen- 
tadienyl group in and R^ include alkyI group-substituted cyclopentadienyl group such as methyl- 
cyclopentadienyl, butylcyclopentadienyl and pentamethylcyclopentadienyl, where the atkyi group has usu- 
ally 1 to 6 carbon atoms and the number of the substituted alkyI groups are selected from the integers of 1 
to 5. 

The compound represented by the general formula (VI) or (VII) is preferably the compound in which 
or is boron, and enumerated, as preferably usable one of the general formula (VI) by triethylammonium 
tetraphenylt>orate, trl(n-butyl)ammonium tetraphenylt>orate. trimethylammonium tetraphenylborate, 
tetraethylammonium tetraphenylborate, methyltrl(n-butyl)ammonium tetraphenylbroate, benzyltrl(n-butyl)- 
ammonium tetraphenylborate, dimethyldiphenylammonium tetraphenylborate, methyltriphenylammonlum 
tetraphenylborate, trimethylanilinium tetraphenylborate. methylpyridinium tetraphenylborate. benzyl- 
pyridinium tetraphenylborate. methyl(2-cyanopyridinium) tetraphenylborate. trimethylsulfonium tetraphenyl- 
borate, benzylmethylsulfonium tetraphenylborate. triethylammonium tetra(pentafluorophenyl)borate, 
triphenylammonium tetra(pentafluorophenyl)borate, tetrabutylammonium tetra{pentafluorophenyl)borate, 
tetraethylammonium tetra(pentafluorophenyl)borate. methyltri(n-butyl)ammonium tetra(pentafluorophenyl)- 
borate, benzyltri(n-butyl)ammonium tetra(pentafluorophenyl)borate, methyldiphenylammonium tetra- 
(pentafluorophenyl)borate, methyltriphenylammonlum tetra(pentafluorophenyl)borate, dimethyldiphenylam- 
monium tetra(pentafluorophenyl)borate. anilinium tetra(pentafluorophenyl)borate. methylanilinium tetra- 
(pentafluorophenyl)borate, dimethylanilinium tetra(pentafluorophenyl)borate, trimethylanilinium tetra- 
(pentafluorophenyl)borate, dimethyl(m-nitroanilinium) tetra(pentafluorophenyl)borate, dimethyl(p- 
bromoanilinium) tetra(pentafluorophenyl)borate, pyridinium tetra(pentafluorophenyl)borate, p- 
cyanopyridinium tetra(pentafluorophenyl)borate. N-methylpyridinium tetra(pentafluorophenyl)borate, N-ben- 
zylpyridinium tetra(pentafluorophenyl)borate. o-cyano-N-methylpyridinium tetra(pentafluorophenyl)borate. p- 
cyano-N-methylpyridinium tetra(pentafluorophenyl)borate, p-cyano-N-benzylpyridinium tetra- 
(pentafluorophenyl)borate. trimethylsulfonium tetra(pentafluorophenyl)borate. benzyldimethylsulfonium tetra- 
(pentafluorophenyl)borate, tetraphenylphosphonium tetra(pentafluorophenyl)borate, dimethylanilinium tetra- 
(3,5-di-trifluoromethylphenyl)borate and triethylammonium hexafluoroarsenate. 

Examples of the compound of the general formula (VI 1) include ferrocenium tetraphenylborate, silver 
tetraphenylborate, trityl tetraphenylborate, (tetraphenylporphyrin manganate) tetraphenylborate, ferrocenium 
tetra(pentafluorophenyl)borate. decamethylferrocenium tetra(pentafluorophenyl)borate. acetylferrocenium 
tetra(pentafluorophenyl)borate, formylferrocenium tetra(pentafluorophenyl)borate, cyanoferrocenium tetra- 
(pentafluorophenyl)borate. silver tetra(pentafluorophenyl)borate. trityl tetra(pentafluorophenyl)borate, lithium 
tetra(pentafluorophenyl)borate. sodium tetra(pentafluorophenyl)borate, (tetraphenylporphyrin manganate) 
tetra(pentafluorophenyl)borate, (tetraphenylporpyrinium chloride) tetra(pentafluorophenyl)borate, 
(tetraphenylporphyrin zincate) tetra(pentafluorophenyt)borate, silver tetrafluoroborate, silver hexafluoroar- 
senate and silver hexafluoroantimonate. 

As the compound other than that represented by the general formula (VI) or (VII). there are usable, for 
example. tri(pentafluorophenyl)boron. tri [3.5-di(trlfluoromethyl)phenyl] boron and triphenylboron. 

Examples of the organoaluminum compound as the component (C) include the compound represented 
by the general formula (Vlll) 



6 



EP 0 572 003 A2 



10 



R^2^Q3-k (VIII) 

wherein R^^ is a hydrocarbon radical such as alky I group having 1 to 20, preferably 1 to 12 carbon atoms, 
alkenyt group or arylalkyi group. Q is a hydrogen atom, an alkoxy group having 1 to 20 carbon atoms or 
halogen atom, and r satisfies 1^k^3; the chain aluminoxane represented by the general formula (IX) 

r12 j^12 

Al-0-fAl-0 )g ■^A l" (IX) 



75 wherein R^^ jg gs defined above and s is degree of polymerization indicating an integer usually ranging from 
3 to 50, preferably 7 to 40; and the cyclic alkylaluminoxane represented by the general formula (X). 



20 



(X) 



12 



wherein R^^ and s are as defined above. 
25 Among the compounds represented by any of the above-mentioned formulae (VIII). (IX) and (X), are 

desirable an alkyi group-containing aluminum compound having at least one alkyl group, especially 

branched alkyl group, having at least 3 cartx>n atoms and an aluminoxane. and are particularly desirable 

triisobutylaluminum and an aluminoxane having 7 or more degree of polymerization, the use of which alone 

or in combination with one another can afford a high catalytic activity. 
30 A process for producing the above-mentioned aluminoxane is exemplified by but not limited to a 

process in which an alkylaluminum is brought into contact with a condensation agent such as water. In 

addition, any of the publicly known method is available, which is exemplified by (1) a method in which an 

organoaluminum compound is dissolved in an organic solvent and then brought into contact with water, (2) 

a method in which an organoaluminum compound is first added to the reaction system at the time of 
35 polymerization and thereafter water is added thereto, (3) a method in which an organoaluminum compound 

is reacted with the water of crystallization contained in metallic salt and (4) a method in which a 

tetraalkyldialuminoxane is reacted with a trialkylaluminum and further with water. 

Specific examples of the compound represented by the general formula (VIII) include 

trimethylaluminum, triethylaluminum. triisopropylaluminum, triisobutylaluminum, dimethylaluminum chloride. 
40 diethylaluminum chloride, methylaluminum dichloride. ethyialuminum dichloride, dimethylaluminum fluoride, 

diisobutylaluminum hydride, diethylaluminum hydride and ethyialuminum sesquichloride. 

The polymerization catalyst to be used in the present invention as described hereinbefore may be in 

any form such as (1 ) the catalyst prepared by adding each of the components (A), (B) and (C) separately to 

the reaction system; (2) the reaction product obtained by reacting in advance the components (A), (B) and 
45 (C) through contact among them; and the catalyst supported on a proper carrier. 

The usable carrier is not specifically limited in its type, but may be an inorganic oxide carrier, an 

inorganic carrier other than oxide or an organic carrier and particularly desirably an inorganic oxide carrier 

or an inorganic carrier other than oxide. 

Specific examples of the inorganic oxide carrier include SiOa, AI2O3, MgO, Zr02. Ti02, Fe203. B2O3, 
50 CaO, ZnO. BaO, Th02 and a mixture thereof such as silica/alumina, zeolite, ferrite and glass fiber, among 

which are particularly desirable Si02 and AI2O3. In addition, the above-mentioned inorganic oxide catalyst 

may contain a small amount of a carbonate, nitrate, sulfate or the like. 

Other examples of the usable inorganic carrier other than oxide include a magnesium compound such 

as MgCb. Mg(OC2H5). a complex thereof and an organomagnesium comound such as MgR'^xX\ wherein 
55 R^3 is an alkyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms or an aryl 

group having 6 to 20 carbon atoms: X^ is a halogen atom or an alkyl group having 1 to 20 carbon atoms; x 

is 0 to 2; and y is 0 to 2. 
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•/ Examples of the organic carrier include a polymer such as polystyrene, polyethylene, polypropylene, 

substituted polystyrene and poly ary late, starch and carbon. 

The carrier to be employed varies in its properties depending upon the type and preparation method, 
but has an average particle size in the range of usually 1 to 300 urn. desirably 10 to 200 urn. more 
5 desirably 20 to 100 urn. 

Undersized particles unfavorable increase fine powders in the polymer, whereas oversized particles 
unfavorably increase coarse grains therein, causing decrease in bulk density and clogging of a hopper. 

The specific surface area of the carrier is usually 1 to 1000 m^/g, preferably 50 to 500 m^/g, and the 
pore volume thereof is usually 0.1 to 5 cm^/g, preferably 0.3 to 3 cmVg, which are detemnined from the 
10 volume of nitrogen adsorbed in accordance with BET method, (refer to Journal of American Chemical 
Society, vol 60, page 309, 1983). Any of the specific surface area and the pore volume that is outside the 
at)ove-mentioned range can cause deterioration of the catalytic activity. The above-mentioned carrier is 
preferably calcined or fired at usually 150 to 1000*C. preferably 200 to 800 *C prior to use. 

With regard to the usage of each of the components in the aforestated case (1). that is, the separate 
15 addition of each component, it is desirable to set the component (A) at 0.0001 to 5, preferably 0.001 to 1 
mmol/liter. the component (B) at 0.0001 to 5. preferably 0.001 to 1 mmol/iiter. the component (C) at 0.01 to 
500, preferably 0.05 to 100 mmol/liter expressed in teams of Al atom, (B)/(A) molar ratio at 0.01 to 100, 
preferably 0.5 to 10 and (C)/(A) molar ratio at 0.1 to 2000. preferably 5 to 1000. 

In the aforesaid case (2) where the components (A). (B) and (C) are brought into contact with each other 
20 in an inert solvent in an atmosphere of an Inert gas. It is desirable to set the component (A) at 0.01 to 100 
mmol/liter. the component (8) at 0.01 to 100 mmol/liter and the component (C) at 0.1 to 1000 mmol/liter 
expressed in terms of Al atom. The resultant product is remarkably improved in its catalytic activity when 
the following relations are simultaneously satisfied 
0.5<[B]/[A]<5 
25 0.5<[C1/[A]<500 and 
0.1 mmol/liter<[A] 

wherein [A],[B] and [C] are each molar concentration of the components A, B and C. respectively in the 
contact field, provided that [C] is expressed in terms of Al atom. 

A [BMA] ratio less than 0.5 results in failure to manifest the effect on the improvement in the catalytic 

30 activity, whereas that more than 5 leads to the wasteful consumption of the component (B). A (C)/[A] ratio 
less than 0.5 results in insufficient effect on the improvement in the catalytic activity, while that more than 
500 leads to the wasteful consumption of the components (C) and a large amount of aluminum components 
remaining in the product polymer. A [A] less than 0.1 mmol/liter brings about a low rate of the contact 
reaction causing difficulty in sufficiently exerting the effect on the improvement in the catalytic activity. 

35 In the process of the present invention, it is necessary to produce the ethylenic polymer composition in 
two stages including polymerization steps (a) and (b). In the step (a), ethylene is homopolymerized or 
copolymerized with other olefinic comonomer to produce an (1) ethylenic polymer having a density of 0.94 
g/cm^ or higher and an intrinsic viscosity M of 0.5 to 1.5 dl/g. 

A density of the (1 ) ethylenic polymer less than 0.94 g/cm^ causes a decrease in the rigidity of the final 

40 product of the ethylenic polymer composition. An intrisic viscosity M of the (1 ) ethylenic polymer more than 
1 .5 dl/g results in failure to widen the molecular weight distribution to the extent effective for improving the 
moldabiltty of the final product of the ethylenic polymer composition, whereas that less than 0.5 dl/g brings 
about deterioration of the mechanical properties of the composition or increase in the I6w melting 
components at the time of molding. 

45 In the step (b), ethylene is copolymerized with other olefinic comonomer to produce an (2) ethylenic 
copolymer having a density not higher than that of the (1) ethylenic polymer and an intrinsic viscosity M 
being higher than that of the (1 ) ethylenic polymer and in the range of 1 to 6 dl/g. 

A density of the (2) ethylenic copolymer obtained in the step (b) that is higher than that of the (1) 
ethylenic polymer causes insufficient effect on the improvement in the ESCR of the composition. An 

50 intrinsic viscosity M of the (2) ethylenic copolymer more than 6 dl/g leads to difficulty in the compatibility 
with the (1) ethylenic polymer and deterioration of the physical properties of the final composition, whereas 
that less than 1 dl/g results in failure to widen the molecular weight distribution to the extent effective for 
improving the moldability of the final product of the ethylenic polymer composition. 

The above-mentioned steps (a) and (b) may be put into practice in an arbitrary order, that is, the step 

65 (a) may precede the step (b), which is effected in the presence of the resultant (1) ethylenic polymer to 
form the (2) ethylenic copolymer or follow the step (b) in the presence of the resultant (2) ethylenic 
copolymer to form the (1) ethylenic polymer. At any rate, it is indispensable that both the steps be 
successively put into practice. In other words, the succeeding step must be carried out in the presence of 
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the polymer produced in the preceding step. 

In addition, it is indispensable that the ethylenic polymer composition thus obtained has an intrinsic 
viscosity M in the range of 1.5 to 6 dl/g and a density in the range of 0.94 to 0.97 g/cm^ and also that the 
proportion of the (1) ethylenic polymer in the composition be in the range of 30 to 70:70 to 30, preferably of 
5 30 to 70% by weight. A proportion thereof outside said range causes failure to effectively widen the 
molecular weight distribution of the composition, thus deteriorating the physical properties. 

In view of the balance t>etween the widening of the molecular weight distribution and the physical 
properties of the composition, the ratio (FR) of Ml 21.6 as measured at 190*C under 21.6 kg load to Ml 
2.16 as measured at 190*C under 2.16 kg toad is desirably in the range of 30 to 300. more desirably 50 to 
10 200. 

Examples of the olefinic comonomer other than ethylene include a-olefin and non-conjugated diene. 
Examples of the a-olefin include straight-chain monoolefin exemplified by propylene; 1-butene; 1-hexene: 1- 
octene; 1-nonene; 1-decene; 1-undecene; and 1-dodecene. branched monoolefin exemplified by 3- 
methylbutene-1; 3-methylpentene-1 ; 4-methylpentene-1 ; 2-ethyIhexene-1 ; and 2,2.4-trimethylpentene-1 and 
75 monoolefin replaced with a benzene ring such as styrene. 

Examples of the preferable non-conjugated diene include a straight chain or branched non-conjugated 
diene such as 1.5-hexadiene; 1 .6-heptadiene; 1 .7-octadiene; 1 ,8-nonadiene; 1 ,9-decadiene; 2,5-dlmethyl-1 ,5- 
hexadiene; and l.4-dimethyl-4-tert-butyl-2,6-heptadiene. polymer such as 1 .5,9-decatriene and end- 
methylene series cyclic dtene such as 5-vinyl-2-nortx>rnene. Any of the above-exemplified olefinic 
20 comonomer may be used alone or in combination with at least one other olefin. 

The polymerization method in the present invention is not specifically limited, but is usually any of 
slurry, gas-phase, bulk, solution or suspension polymerization method, etc., of which are preferable slurry 
polymerization method and gas-phase polymerization method. 

The polymerization temperature is usually -100 to 250 'C, desirably -50 to 200 'C. particularly desirably 
25 0 to 130* C. Regarding the amount of the catalyst to be used based on the starting raw material, the raw 
monomer/the comonent (A) molar ratio or the raw monomer/the component (B) molar ratio is usually 1 to 
10^. desirably 100 to 10^. The copolymerization time is usually 5 min. to 10 hours, desirably 10 min. to 5 
hours. The polymerization pressure is 0 to 100 kg/cm^G. desirably 0 to 30 kg/cm^G. 

The modification of the molecular weight of the final composition may be carried out by selecting the 
30 usage of each of the catalytic components, copolymerization temperature and the copolymerization 
atmosphere such as the presence of hydrogen. 

The copolymerization solvent, when used, is not specifically limited but may be selected from aromatic 
hydrocart)ons such as benzene, toluene, xylene and ethylbenzene; alicylic hydrocarbon such as cyclopen- 
tane, cyclohexani^ and methylcyclohexane; aliphatic hydrocarbons such as pentane, hexane. heptane and 
35 octane; and halogenated hydrocarbons such as chloroform and dichloromethane, alone or as combination of 
at least two of them. In addition, an olefinic monomer may be used as a solvent. The polymerization may 
be performed in the absence of a solvent. 

In the process of the present invention, a preliminary polymerization may be carried out using the 
above-mentioned catalyst through the use of a conventional technique by bringing a small amount of an 
40 olefin into contact with a solid catalyst component. 

The olefin to be employed in the preliminary polymerizaiton is not specifically limited, but is exemplified 
by those same as the above such as ethylene, an a-olefin having 3 to 20 carbon atoms and a mixture 
thereof, preferably the olefin same as that to be used in the main polymerization. 

The preliminary polymerization is carried out at a temperature of usually -20 to 100*C, desirably -10 to 
45 70 'C. particularly desirably 0 to 50 'C, in the absence or presence of a solvent such as an inert 
hydrocarbon and an aliphatic hydrocarbon, an aromatic hydrocarbon and a monomer, particulariy desirably 
an aliphatic hydrocarbon. 

The preliminary polymerization product has an intrinsic viscosity M as measured in decalin at 135'C of 
desirably 0.2 dl/g or higher, particulariy desirably 0.5 dl/g or higher. The ratio of the preliminary 

50 polymerization product to 1 mmol of the transition metal component in the catalyst is adjusted to desirably 
1 to 10,000 g, particularly desirably 10 to 1000 g. 

In summary, according to the process of the present invention, the ethylenic polymer composition 
which has a high environmental stress cracking resistance (ESCR). is minimized in a low melting 
component causing gum or burned spots at the time of molding and is excellent in workability in melt 

55 molding and the appearance when made into a molding can be produced with ease. Also being excellent in 
various physical properties and melt characteristics, the above-obtained composition is favorably used for 
injection molding and extrusion molding in the industrial field typified by pipe manufacture. 
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In the following, the present invention will be described in more detail with reference to non-limitative 
examples and comparative examples. 

Preparation Example 1 

5 

Preparation of ferrocenium tetra(pentafluorophenyl)fc»orate 

3.7 g (20.0 mmol) of ferrocenen and 40 ml of cone, sulfuric acid were reacted at room temperature for 1 
hour to produce a navy blue solution, which was poured in 1 liter of water with stirring to form a dark blue 
10 solution. Then the solution was added to 500 ml of aqueous solution of 20 mmol (13.7 g) of lithium tetra- 
(pentafluorophenyl)boron Li[B(C6F5)4]. The resultant light blue precipitate was collected by filtration, washed 
with 500 ml of water 5 times and dried under reduced pressure to obtain 14.7 g of the objective 
ferrocenium tetra(pentafluorophenyl)borate [Fe][B(C6F^)4]. 

IS Preparation Example 2 

Synthesis of dimethylanilinium tetra(pentafluorophenyl)borate 

Pentafluorophenylllthium which had been prepared from 152 mmol of bromopentafluorobenzene and 
20 152 mmol of butyllithium was reacted with 45 mmol of trichloroboron in hexane to produce tri- 
(pentafluorophenyl)boron as white solid. 41 mmol of which was reacted with 41 mmol of pentafluorophenyl- 
llthium to produce lithium tetra(pentafluorophenyl)boron as white solid and isolate the same. 

Then. 16 mmol of lithium tetra(pentafluorophenyl)boron was reacted with 16 mmol of dimethylaniline 
hydrochloride in water to obtain 11.4 mmol of dimethylanilinium tetra(pentafluorophenyl)t>orate ([PhNMe2Hl- 
25 [B(C6F5)4]) as white solid. It was confirmed by ^H-NMR and ^^C-NMR analysis that the product was the 
objective product. 

Example 1 

30 A one (1) titer stainless steel-made autoclave which had been sufficiently dried and purged with 
nitrogen was charged with 350 ml of toluene and the reaction system temperature was raised up to 70 • C. 
Then, in a 90 ml stainless steel-made vessel which had directly been connected to the autoclave were 
placed 50 ml of toluene, 0.2 mmol of triisobutylaluminum (i-BuaAl) as the component (C) of the catalyst. 
0.01 mmol of ([Fe][B(C6F5)*]) as the component (B) of the catalyst as prepared in Preparation Example 1 

35 and 0.01 mmol of bis-cyclopenadienyldimethylzirconium (Cp2ZrMe2) as the component (A) of the catalyst 
to prepare the catalyst. 

Thereafter, the system pressure was increased to 3 kg/cm^G by introducing hydrogen, further to a total 
pressure of 10 kg/cm^G by introducing ethylene into the autoclave, followed by the catalyst feeding to 
initiate polymerization reaction, the total pressure of the system was maintained at 10 kg/cm^G by 
40 continuously introducing ethylene to proceed with polymerization reaction at 70 * C for 45 min. [Step (a)]. 

After depressurizing the reaction system, the temperature therein was again set at 70 'C. Hydrogen was 
introduced into the system to a pressure of 0.1 kg/cm^G and subsequently, 24 ml of 1-octene which had 
been collected in advance in a pressure glass vessel directly connected to the autoclave was pressurized 
Into the autoclave with an ethylene pressure of 5 kg/cm^ to resume polymerization. Ethylene was 
45 continuously fed in the autoclave so as to maintain the total pressure of 5 kg/cm^Q to proceed with 
polymerization reaction at 70*C for 20 min. [Step (b)]. 

The polymerizaiton reaction was arrested by adding a small amount of methanol to the system and the 
polymerization product was dried at 80*C under reduced pressure for 12 hours to afford an ethylenic 
copolymer in a yield of 138 g. The resultant polymer had an intrinsic viscosity M of 2.31 dl/g, a density of 
50 0.955 g/cm^, FR, that is. an index of molecular weight distribution, of 157 and a boiling hexane soluble 
portion of as low as 2.5% by weight. 

In addition, the polymer obtained in the above-mentioned step (a) in a yield of 77 g without step (b) had 
a [ill of 1.15 dl/g and a density of 0.963 g/cm^. The conditions and results of the polymerization are given in 
Table 1 to 3. 

55 
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Examples 2 to 5 and Comparative Examples 1 to 2 

The procedure in Example 1 was repeated except that the type and amount of each of the catalytic 
components (A), (B) and (C) were altered as given in Table 1 and the polymerization conditions were 
altered as given In Table 2. Comparative Examples 1 and 2 indicate single stage polymerization. The 
results obtained are given in Table 3. In Table 1. ZrBz4 and Cp2ZrCl2 denote tetrabenzylzirconium and 
biscyclopentadienyldichlororzirconium. 

Comparative Example 3 

(1) Catalyst 

1.0 g of magnesium diethoxide and 1.06 g of magnesium sulfate anhydride available In the market were 
suspended in 50 ml of n-heptane. and the resultant suspension was incorporated with 1.5 g of silicon 
tetrachloride and 1.6 g of ethanol to proceed with reaction at 80 'C for 1 hour. Subsequently. 5 ml of 
titanium tetrachloride was added to the reaction system to further proceed with reaction at 98 •C for 3 
hours. After the comletion of the reaction, the reaction product was allowed to cool followed by supematant 
removal, incorporated with 100 ml of n-heptane with stirring, allowed to stand, subjected to supematant 
removing procedure 3 times repeatedly and further incorporated with 200 ml of n-heptane to afford the 
dispersion of solid catalyst components. 

The amount of titanium supported on the carrier was 42 mg Ti/g carrier as the result of colorimetric 
determination. 

(2) Polymerization 

A one (1) liter stainless steel-made autoclave which had been sufficiently dried and purged with 
nitrogen was charged with 350 ml of toluene and the reaction system temperature was raised up to 80 ' C. 
Then, in a 90 ml stainless steel-made vessel which had directly been connected to the autoclave were 
placed 50 ml of toluene, 0.3 mmol of triisobutylalumlnum (I-BU3AI). 0.01 mmol of the solid catalyst 
components expressed in terms of titanium atom as obtained In the preceding Item (1) to compound the 
catalyst. 

Thereafter, the system pressure was increased to 3 kg/cm^G by Introducing hydrogen, further to a total 
pressure of 6 kg/cm^G by introducing ethylene into the autoclave, followed by the catalyst feeding to initiate 
polymerization reaction. The total pressure of the system was maintained at 6 kg/cm^G by continuously 
introducing ethylene to proceed with polymerization reaction at 80 * C for 20 min. [step (a)]. 

After depressurizing the reaction system, the temperature therein was set at 70 'C. Hydrogen was 
introduced into the system to a pressure of 0.2 kg/cm^G and subsequently. 24 ml of 1-octene which had 
been collected in advance in a pressure glass vessel directly connected to the autoclave was pressurized 
into the autoclave with an ethylene pressure of 3 kg/cm^ to initiate polymerization. Ethylene was continu- 
ously fed in the autoclave so as to maintain the total pressure of 3 kg/cm^G to proceed with polymerization 
reaction at 70*C for 10 min. [step (b)]. 

The polymerization reaction was arrested by adding a small amount of methanol to the system and the 
polymerization product was dried at 80*C under reduced pressure for 12 hours to afford an ethylenic 
copolymer in a yield of 165 g. The resultant polymer had an intrinsic viscosity M of 2.29 dl/g a density 
0.955 g/cm3, Fr, that is, an index of molecular weight distribution, of 170 and a boiling hexane-soluble 
portion of 2.5% by weight. The conditions and the results of the polymerization are given in Table 1 to 3. 
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55 Claims 



1. A process for producing an ethyienic polymer composition having a cjenslty of 0.94 to 0.97 g/cm^ and 
an intrinsic viscosity M of 1.5 to 6 dl/g which comprises the multistage polymerization steps of 
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polymerizing ethylene or copolymerizing ethylene and at least one olefinic comonomer other than 
ethylene to fornn (1) an ethylenic polymer having a density of 0.940 g/cm^ or higher and an intrinsic 
viscosity of 0.5 to 1.5 dl/g by the use of a catalyst comprising as principal components (A) a 
transition metal compound. (B) a compound capable of reacting with a transition metal compound to 
form an ionic complex and (C) an organoalumlnum compound as polymerization step (a); and 
copolymerizing ethylene and at least one olefinic comonomer other than ethylene to form (2) an 
ethylenic polymer having a density not higher than that of the ethylenic polymer (1) and an intrinsic 
viscosity M higher than that of the ethylenic polymer (1) by the use of said catalyst as polymerization 
step (b), the proportion by weight of the (1) ethylenic polymer to the (2) ethylenic polymer in the 
ethylenic polymer composition being 30 to 70 : 70 to 30. 

2. The process according to Claim 1 wherein the order of the step (a) and the step (b) is arbitrary 
provided that the succeeding step is effected in the presence of the ethylenic polymer produced in the 
preceding step. 

3. The process according to Claim 1 wherein the step (a) precedes the step (b). 

4. The process according to Claim 1 wherein the step (a) follows the step (b). 
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